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ABSTRACT

It has become basically relevant to get an appatgiintrospection in catchment processes in o @redict floods
which may occur easily under the extreme weatheditions of nowadays. Numerous empirical formulasstein
Hungary, which can be applied within certain lin{égason, size of the watershed), furthermore usi@ in specific
watersheds eventuate dissimilar results. In owystue execute hydrological analysis of a small vskted namely, the
basin of Biikkds Creek, found in the Hungarian ViddgMountain. The discharge values received froenatlithorities
were checked by expeditional measurements severas @t the outlet in 2011. These data were thedations of the
further calculated unit hydrograph (with traditibhgdrologic methods) and rating curve. Finally inglt a HEC-HMS
model to simulate the hydrologic response of théershed for different rain events. By calibratinglavalidating the
model for two periods (winter and spring) with difént runoff ratios, we were able to provide anrapimation not
only for the peak discharge but also for the whaleoff volume.

Keywords:hydrological modelling, rainfall-runoff simulationnit hydrograph

1 INTRODUCTION

The extreme circumstances of weather conditionfddoe one of the effects of the global climatic e
For instance, short rainfalls with increasing irsign It is a well-known fact that severe thundemnsts often
result significant floods on small catchments.

Blkkos Creek has been brought several times tomadtiattention in the latest years. Due to heawuysra
remarkable floods ran along the creek; local peae moved from their homes because the stredritdef
bed.

Our work compiled of the following steps: wanderialy over the territory, we got acquainted with the
hydrologic nature of the watershed; furthermore goé an approximate introspection in the range ef th
runoff volume with the hydrological measurementditierent points of the creek.

Water level and runoff data, as well as contempewas precipitation data received from the authesiti
were the inputs of our hydrological analyzes. Ifeal rain event in frost-free periods is given twe t
catchment, with the hand of the computed ratinge@nd unit hydrograph, we can describe the behavio
the watershed. This could definitely relieve thegadure of predicting floods.

We built a HEC-HMS model to simulate the hydrologésponse of the watershed to different rain events
By calibrating and validating the model for two ipels (winter and spring) with different runoff rasi, we
were able to provide an approximation not onlytfe peak discharge but also for the whole runolfime.
The amount of input data and free parameters deedabgl the software is truly high. We present our
experiencesvith the model, the opportunities and barriersdyimncealed beneath this approach. Finally we
give samples of some model applications.

2 DESCRIPTION OF THE STUDY AREA

The investigated area can be found to south frarCilrve of Danube in Hungary. The creek feedstimo
Danube in Szentendre, it is the most remarkable@eent watercourse of the cifyigure 1).

The total area of the catchment is 39.2 Kiihe creek is 16 km long, having a constructedibdtie urban
area, which is well protected by levees from flaods
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It originates from the southern slopes of Dobdgdkearly 600 m above the mean sea level, from where
through a way varied with numerous mite waterfaiisl making a level difference of 500 m, it arriteshe
interior part of Szentendre.

The mean aquifers of the streams feeding the @eekndesite and andesite-tufa with a strongly rgle:
nature. The runoff volume is quite variable durthg year, relatively exiguous, however we managed t
measure larger amount of discharge in spring, veinewv melted.

The discharge of the brook fluctuates between getemenesses. The creek along its way couldanot f
ponds, because the evolving hollows are quicklgdiup with alluvium (Dévényi, 2010).
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Figure 1 —Watershed of Biikkés Creek

3 HYDROLOGICAL ANALYSIS WITH TRADITIONAL METHODS

3.1 Data and field measurements

Hydrologic calculations and model simulations reedidischarge data which are frequent and accurate
enough.

Central Danube Valley Environmental and Water Mamagnt Directorate (KDV-KOVIZIG) installed a
compound trapezoidal concrete flume with a floatmgjrument registering data per 15 minutes. Thisgg
is located 4.2 river kilometers upstream from tbafltience with the Danube. The area of the catclhitoen
the gauge is 33.4 Kin

The authority placed at our disposal the daily wateface level data recorded by the gauge fronb260
2009 and in 2011, furthermore the calculated (friim@ water surface level data with the help of an
appropriate rating curve) and several times mapua#asured discharge data, as well as the dataf m
remarkable floods since 2005. The latter data tawgoral resolution of 15 minutes, and were used to
simulate the precipitation-runoff processes ofwla¢ershed with HEC-HMS.

The discharge values received from the authoritieie checked by expedition measurements severagtim
at the outlet in 2011 (dilution gauging and velg@tea method using current meter).

3.2 Precipitation data

Building up a proper hydrological model, more dethiprecipitation data are needed than for exargily
data. The nearest precipitation gauge (about 25fdan which fulfils this criterion, is found in Ugst,
Budapest, operated by the Hungarian MeteorologBmivice (OMSZ). We received hourly measured
precipitation data from the authority.
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3.3 Constructing a rating curve

The received flood data fell mainly in the periodnm 2010 to 2011. Model analyses demand dischate d
generated by a proper rating curve.

The equations of rating curves were calculateditting a cubic polynom on the discharg®) (and water
surface elevatiorH) point clouds with least squares method.

Out of the five years, with an appropriate appration, each of them fits on the rating curve of 20Bor
this reason, we have chosen this year’'s curveuitihdr calculationgrigure 2illustrates the rating curve of
the year 2009.
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Figure 2 —Rating curve of the year 2009 Figure 3 —Calculated discharge data of a flood in 2006

We generated discharge data of 15 minutes for el@pgd event on the above described way, set aun fr
the water surface elevation data in every 15 mmaethe same timd:igure 3 shows the calculated
discharge data of a flood taking place in 2006.

3.4 Creation of unit hydrograph

The baseline data of the edited unit hydrograprewlee calculated runoff data of a flood in May 2@dith
15 minutes time step and hourly precipitation deteived from OMSZ (seféigure 4).

We selected this flood event out of the 14 otheesause on one hand the precipitation was significan
the other hand the peak flow occurred in approptiate following the start of the rainfall event.
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Figure 4 —Precipitation and calculated discharge in MayFigure 5 —Straightened unit hydrograph with 4 hours
2010 time resolution
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The magnitude of the calculated runoff volume wastilled by Chézy-equation, because this dischiarge
not included in the rating curve, an extrapolati@s to be performed. The slope of the curve Ig litt this
range, yielding a significant uncertainty in exwhgion. The result of the Chézy-equation was 246,
which truly matches with the calculated one.

We decided to work with a unit hydrograph with aal@tion of 4 hours in time, easing the calculation
because the flood event in May 2010 lasted 12 days.

Both of the rainfall, which triggered flood wavendapeak flow appeared between 15 and 17 May. & litt
amount of rain falling from 14 to 17 hour on thé"I@ay 2010 was considered as a so called preparing
precipitation, so only the precipitation data frdm to 24 hour on the same day were taken to acamint
flash food resulting data. 24.3 mm precipitatiol @uring the first 4 hours and 21.2 mm during the
following 4 ones. Totally it was 45.5 mm.

The oscillating runoff data were manually straigiee in the course of separating discharge datéeof t
flood. We had only few information about the underface properties of the watershed, for this nedlke
moment of the beginning of flood was matched wite €nd of surface runoff. The area under this line
represented baseflow and the area between thisuidghe curve of the flood formed the quantitydwéct
flow. Runoff data could be added up along the deitgation of direct flow due to the dense scaleimiet
axis. Total runoff volume was then multiplied by3@00 s, resulting in total runoff (the area undher ¢urve
was approached with summing up the areas of reesnd he ordinates of unit hydrograph can be asil
calculated with effective precipitation data usthg classical method of ‘rolling up’. Every secasrdinate
had a negative value ending up an oscillating clfigaire 5illustrates the straightened unit hydrograph.

4 SIMULATING PRECIPITATION-RUNOFF PROCESSES WITH HEC- HMS

HEC-HMS (Hydrologic Engineering Center’'s Hydroloditodeling System) is designed to simulate the
precipitation-runoff processes of dendritic wateslsystems, being developed by U.S. Army Corps of
Engeneers for nearly 30 years. It offers a broadjeaof hydrologic and hydraulic methods to describe
watersheds properly. The main components of thgramo are: basin model and meteorological modeltinp
data and control specifications.

The basin model represents the physical watersieelaped by adding and connecting hydrologic
elements. Three of them were used by us: watersbadh and junctiorkrigure 6shows a simplified basin
with the three used model components.

R170
Outlet

Figure 6 —Hydrologic model components Figure 7 —Basin model of Bikkés watershed (made by Gabor Keve
of a simplified basin

Subbasins are represented as points, the sizeeof bave to be given. The junction element is used t
combine stream flow from hydrologic elements lodaipstream of the junction element. The reach aléme
conveys stream flow downstream in the basin madedse length is demanded to be given by some of the

Széles et alSimulating the rainfall-runoff process on the basilBikkos Creek 4



International conference

Catchment processesin regional hydrology: from experiment to modeling in Carpathian drainage basins
Sopron, Hungary, 28-30 October 2012

calculation methodskigure 7 shows the basin model of Bukkds Creek used by thdein It is easily
recognizable that complexity of the used basin rhowele model calibration definitely difficult.

Meteorological model calculates the frozen or kitjprecipitation and evapotranspiration. We deathwi
only liquid precipitation.

We assumed a homogeneous spatial distributioniof b@cause only one precipitation gauge’s datawer
available.

4.1 Hydrologic elements of the model

HEC-HMS offers the users numerous calculation nethdeveloped in the United States of America.
Therefore applying these methods in Hungarian cagchs and accepting the parameters suggested by
user’s guides requires a proper attention considehie different climate and topography of Hungary.
Calculation methods used by us are presented b@lable ). Such as this table shows, we had to calibrate
nine different parameters.

Table 1:Applied methods and their parameters

Methods Parameters

Simple Canopy Initial storage (%)
Max storage (mm)

Initial and Constant Loss Initial loss (mm)

Constant rate (mm/hr)
Impervious (%)

SCS Unit Hydrograph Lag time (min)

GW 1/2 Initial (n/s)
GW 1 Coefficient (hr)
GW 2 Coefficient (hr)
GW 1/2 Reservoir (-)
Lag Routing Lag Time (min)

Linear Reservoir Baseflow

4.2 Selecting time periods of examinations

14 periods of precipitation-runoff data pairs wereilable to set up, control and analyze the model.
Furthermore eight of them are cognate. Sometimee tis even 10 hours time delay between occurring o
the peak flow and the center of the rainfall evatis is the consequence of the large distancedmstwhe
precipitation gauge and the watershed (Ujpest eatél nearly 25 km from Szentendre). As it was
previously mentioned, this gauge was the nearestwhich was able to record automatically precifuita

in every hour. Under these circumstances we haagpportunity to analyze long periods and all of floed
events.

At least two flood events, observed in the same@eawere needed to calibrate and validate the imode
Runoff characteristics are definitely changed iffiedént growing seasons, in this way floods in swenior
winter time cannot be treated uniformly. The runeflume of peek floods and maximal precipitation
intensity were depicted in the same graph. Accardlinthe dispersion of data, it is clearly recogbie that
there is no tight relationship between them. Maximaoff volume and precipitation, as two, not
independent random variable with a stochasticicglahip, have to have a stable correlation linkisBang
this condition, the next time periods were usediodel simulations in winter and early spring:

— January 2011,

— February 2009,
as well as:

- March 2011,

- April 2010.
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4.3 Model calibration

Our primary purpose was to approximate the disehéirge series of a flood in a significant crosstisac
intending to obtain the greatest matching at péaks. Naturally we tried to take account of thereot
shape and timing of the food, with choosing thétrigarameters.

The precipitation was liquid according to the degaeived from Hungarian Meteorological Service thus
snowmelt did not complicate the simulations.

At first only loss, transformation and lag routimgere taken into account to reduce the number & fre
parameters. Therefore simulations ended up indpa rrunoff, the slope of the hydrographs becaraepst
For this reason, we found it necessary to introdovaseflow. The form of the hydrograph became more
regular and wider. The only problem was that thegpam overestimated the real, measured dischatge da
This indicated another loss on the catchment. Aedse in surface runoff could have numerous reasons
such as interception or surface depressions. Tdisbimed effect was modeled by introducing canopy, a
specified amount of water remaining on the lea¥dsees. Finally the number of free parameters fivesly
nine.

The same parameters were given to each waterstieceaoh elements during the calculation of baseflow
and loss. The total lag time was divided betweerhesatershed in proportion of each watershed’ area
during the calibration of SCS unit hydrograph andds divided between reach elements in propodfahe
length of each reach during the calibration ofriagfing.

The model was calibrated in two different time pdria winter and a spring one. Parameters of spring
period, when the infiltration capacity of soil i®ensive resulting in a larger baseflow, signifityadiffered

from the parameters of the winter period, when gdbis frozen. In line with this, interception, iltfation

and baseflow were enlarged in the spring periodpaoed to the winter ones. Other parameters were not
changed (transform methods, routing time and numlbeeservoirs). All in all the two calibrations V&
three common parameters.

Figure 8illustrates the calibration of the winter period January 2011, where runoff calculated by the
model is with solid line; measured runoff is withstied line; precipitation is represented with vapl. The
result of the calibration of the spring period imidh 2011 can be seen Bigure 9
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Figure 8 —Calibration in January 2011. (Runoff  Figure 9 —Calibration in March 2011 (see notation at
calculated by the model with solid line; measured Figure 8)
runoff with dashed line; precipitation with bar

graph)

4.4 Validation of the model

Validation was performed with independent floodeeValues of parameters were not changégure 10
shows the result of the validation in February 2008ere real peak discharge is somewhat underdstima
(with about 1.5 riis), but this is not a significant error, havingaed to the fact that the calculated discharge
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fits the real one quite well at smaller dischargtugs as well. We also have to take the uncertaihigput
data and parameters into consideration when th&aog of the model is examined.
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Figure 10 —Validation in February 2009 (see notation Figure 11 —Validation in April 2010 (see notation at
at Figure 8) Figure 8)

Figure 11 illustrates the validation in April 2010. Thariin of the calculated discharge fits truly welltive
measured discharge data in time and also in orfderagnitude. However the model underestimates funof
volume. The slope of the peak flow has definitetpvgn, referring to the fact that a short and rapid
precipitation event occurred on the catchment, kvidid not reach the precipitation gauge.

4.5 Model application and analysis

Hydraulic and water resources engineering works watershed management of smaller catchments are
planned in the hypothetical circumstances of stahdégh-water conditions. Peak flows and quantity o
runoff volume have to be well known. Precipitatmausing significant floods with low probability ofturn

can be estimated with analyzing precipitation aditarevious years. Floods caused by such rainf@hts in
different time periods can be determined by a walidated model. We managed to perform this and
compared with a hydrograph generated with thehydtograph.

The rain intensity was defined on the basis ofnisity-duration-frequency analysis with the appl@atof
Montanari relation (Kontur et al 2003). It is arperence that severe storms result in flash flamdsmall
watersheds, when total time of precipitation isada accumulation time. This means about 4 or @&$on
our long-drawn watershed. We chose a 4 hours lasting rainfall event with a constant intensity 16f
mm/h as a significant precipitation. There is arotbeak on the dashed graph of

Figure 12, which is derived from the shape of the watershied,iumber of subbasins and on the fact that
spatially uniform precipitation was assumed. Pretgrof this is questionable. Peak flow and the ntage
of drainage are acceptable.

Calculations were also performed with spring mquehmeters.

Figure 12illustrates this with dashed-dot line. Runoff timas longer due to changed ground conditions and
vegetation coverage. Floods endured 2 days in wibtg from 5 to 6 days in spring. Peak flow isumatly
reduced to one-fifth or sixthzigure 12shows discharge data calculated by the unit hydpigwith solid
line. Runoff time is shorter than it was expectad, peak flow is relatively acceptable.
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Figure 12 -Model analysis (runoff calculated by the model wddshed-dot lines in spring and dashed line inawjnt
runoff calculated by unit hydrograph with soliddin

5 CONCLUSIONS

In default of more acceptable data, we could védidae model (both of the spring and winter oneéhwinly

one flood event. However it would be required tofguen control runs with more data. The reason o th
that the model needs a large number of input pass@hich could be reduced by transforming thenbas
model and calculating with fewer subbasins. Acaggdio our expectations these reductions would not
influence the accuracy of results but significafdlgilitate calibration.

Spatial and temporal distribution of precipitatiare variable, however Bikkods Creek is a small vsat,
and this effects discharge at the outlet (for imsta the peak flood or the runoff ratio).

We managed to calibrate the model with two diffeteydrological events, which itself was an opportin
to perform model analyzes and explore differencesses of the catchment. Vegetation coverage ahd so
characteristics radically change between winter sprihg period in only a few months time, modifying
runoff relationships. The most important conclusiofithese changes:

— Losses increase (3 or 5 times bigger in spring thavinter).

— Infiltration capacity of the soil also increasedeTratio of direct runoff and baseflow changes.
Infiltration to the ground is also 3 or 5 timesgar in spring than in winter.

— Standard high water conditions in a watershed émtamh a hilly or mountainous terrain can be
resulted by snow melt according to model analyze$ site visits despite the largest flood was
measured in May.

The model needs a high amount of input paramefesensitivity analysis should be performed withsihe

It would be worth to try other calculation method¥e could define concrete algorithms on different
watersheds with the help of involving other temi#s to model analyzes. We could choose the mostco
calculation method which best suits the concretehcaent.

Quantity and quality of precipitation data influexcthe precision of model tests the most. Out ofided
events, only 4 could be analyzed, because pretiipitand flood data were not coherent: nor in tioneén
magnitude. Rain gauge was located too far fromctiiehment. Installation of precipitation gaugesttos
watershed would be necessary. Temporal resolufidixiog data depends on the area of the watershmed.
our case (30-50 kfpan hour resolution can be proper.
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